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FATTY ACID BY-PRODUCTS AND METHODS
OF USING SAME

BACKGROUND

The present invention relates generally to beneficiation
technologies. More specifically, the present invention relates
to beneficiation compositions and methods of using same.

Beneficiation is a method of separating useful matter from
waste. Commonly, beneficiation uses the difference in the
hydrophobicity of the respective components. During this
process, the mineral ore is comminuted to a certain small size
and slurried with water. The slurry is introduced into a flota-
tion apparatus purged with air. The air preferentially attaches
to the hydrophobic particles of the slurry, making them float
to the top of the apparatus. The floated particles are collected,
dewatered, and accumulated as a sellable final product. The
hydrophilic particles tend to migrate to the bottom of the
contact vessel from where they can be removed as tailings and
processed into waste impoundments. In other processes, such
as reverse flotation, the sellable final product may migrate to
the bottom.

To facilitate beneficiation, several types of conventional
reagents are used such as frothers, collectors, promoters and
conditioners. Nevertheless, these reagents can be expensive
and toxic thereby reducing the cost-effectiveness of the ben-
eficiation processes.

It is therefore desirable to provide and utilize cost-effec-
tive, -effective, and environmentally friendly or green benefi-
ciation compositions.

SUMMARY

The present invention relates generally to beneficiation
technologies. More specifically, the present invention relates
to beneficiation compositions and methods of using same.

In an embodiment, the present invention provides a method
of separating a first material from a second material. For
example, the method can comprise mixing the first material
and the second material in a slurry with a beneficiation com-
position. The beneficiation composition can comprise one or
more fatty acid by-products derived from a biodiesel manu-
facturing process and one or more green or environmentally
friendly collectors. The beneficiation composition can also
comprise one or more green collectors and one or more fatty
acid by-products of transesterification reactions involving
triglycerides. Air bubbles can be provided in the slurry to
form bubble-particle aggregates with the first material and the
bubble-particle aggregates can be allowed to be separated
from the second material.

In an embodiment, the green collector can be selected from
the group consisting of nonionic surfactants of low HLB
numbers, naturally occurring lipids, modified lipids, hydro-
phobic polymers and combinations thereof. “Green” means
environmentally friendly, biodegradable, non-combustible,
non-hazardous, and/or non-toxic chemistry.

In an embodiment, the fatty acid by-product can be derived
from the addition of acid to the fatty acid salts solution of a
crude fatty acid alkyl esters phase during the biodiesel manu-
facturing process and/or derived from the addition of acid to
the fatty acid salts solution of a crude glycerin phase during
the biodiesel manufacturing process. For example, the fatty
acid by-product can be derived from the biodiesel manufac-
turing process by adding acid to the bottom effluent of the
esterification stage and/or by adding acid to the wash water
(e.g. soap water) of the ester product. The fatty acid by-
product can also be derived from the acidulation of any of the
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biodiesel manufacturing process streams containing one or
more fatty acid salts component.

In an embodiment, the fatty acid by-product comprises
about one to about 50 weight percent of one or more methyl
esters and about 50 to about 99 percent of one or more fatty
acids.

In an embodiment, the fatty acid by-product further com-
prises one or more components selected from the group con-
sisting of methyl esters, salts, methanol, glycerin, water and
combinations thereof.

In an embodiment, the free fatty acids comprise one or
more components selected from the group consisting of
palmitic acid, palmitoleic acid, stearic acid, oleic acid,
linoleic acid, linolenic acid, arachidic acid, eicosenoic acid,
behenic acid, lignoceric acid, tetracosenic acid and combina-
tions thereof.

In an embodiment, the fatty acid by-product comprises one
or more components selected from the group consisting of
Cs-C,, saturated and unsaturated fatty acids, C4-C,, satu-
rated and unsaturated fatty acids salts, methyl esters, ethyl
esters and combinations thereof.

In an embodiment, the fatty acid by-product further com-
prises one or more components selected from the group con-
sisting of C,-C,; mono-, di- and tri-hydric alcohols and com-
binations thereof.

In an embodiment, the fatty acid by-product further com-
prises one or more inorganic salts.

In another embodiment, the present invention provides a
method of separating hydrophobic and hydrophilic particles
in an aqueous slurry. For example, the method can comprise
adding a beneficiation composition to the aqueous slurry to
increase the hydrophobicity of the hydrophobic particles. The
beneficiation composition can comprise one or more fatty
acid by-products derived from a biodiesel manufacturing pro-
cess and one or more green collectors. The aqueous slurry can
be mixed to assist the fatty acid by-product in adsorbing on
the surface of the hydrophobic particles so as to increase the
hydrophobicity of the hydrophobic particles. Air bubbles can
be provided to the aqueous slurry so that the hydrophobic
particles collect on the surface of the air bubbles forming
bubble-particle aggregates. The bubble-particle aggregates
can be allowed to float to the surface of the aqueous slurry to
be separated from the hydrophilic particles.

In an alternative embodiment, the present invention pro-
vides a beneficiation composition comprising one or more
fatty acid by-products derived from a biodiesel manufactur-
ing process and one or more green collectors.

In another embodiment, the present invention provides a
beneficiation composition comprising one or more green col-
lectors and one or more fatty acid by-products of transesteri-
fication reactions involving triglycerides.

An advantage of the present invention is to provide cost-
effective methods of separating two or more materials.

Another advantage of the present invention is to provide
hydrophobicity enhancing compositions that can be used in
flotation processes that have improved cost-savings.

Additional features and advantages are described herein,
and will be apparent from, the following Detailed Descrip-
tion.

DETAILED DESCRIPTION

The present invention relates generally to beneficiation
technologies. More specifically, the present invention relates
to beneficiation compositions and methods of using same.

In the present specification, the term “beneficiation”
should be understood to mean separating useful matter from



US 7,624,878 B2

3

waste, particularly hydrophobic substances from hydrophilic
substances. Suitable processes for accomplishing this
include, but are not limited to, flotation, reverse flotation and
similar technologies.

In the present specification, the term “by-products” should
be understood to mean by-products derived from biodiesel
manufacturing processes, and/or transesterification reactions
involving triglycerides.

In an embodiment, the present invention provides benefi-
ciation compositions comprising by-products of biodiesel
manufacturing. The by-products of biodiesel manufacturing
can comprise, for example, mixtures of straight-chain, mono-
carboxylic acids containing from 6 to 24 carbon atoms.

The by-products of biodiesel manufacturing of the present
invention were surprisingly found to be effective as reagents
for use in beneficiation technologies such as, for example,
flotation processes. In addition, these by-products are gener-
ally environmentally benign and non-hazardous. The
by-products are also non-combustible and can provide ben-
efits in applications where there is a “high” flash point
requirement. The by-products can be used to supplement or
replace conventional hazardous collectors for flotation pro-
cesses such as diesel fuel thereby reducing the dependency on
such environmentally unfriendly materials. Diesel fuel is
used ubiquitously in the mineral processing industry. A good
portion of the spent diesel from the processes is injected
underground posing an environmental and human health haz-
ard. The present invention offers an added benefit of not
posing any environmental and/or human health hazard if dis-
charged underground.

Biodiesel is a cleaner-burning diesel replacement fuel
made from natural, renewable sources. For example, biodie-
sel can include fatty acid alkyl esters used as a cleaner-burn-
ing diesel replacement fuel made from sources such as new
and used vegetable oils and animal fats.

According to the American Fuel Data Center of the U.S.
Department of Energy, approximately 55% of the biodiesel is
currently produced from recycled fat or oil feedstock, includ-
ing recycled cooking grease. The other half of the industry is
limited to vegetable oils, the least expensive of which is soy
oil. The soy industry has been the driving force behind biodie-
sel commercialization because of excess production capacity,
product surpluses, and declining prices. Similar issues apply
to the recycled grease and animal fats industry, even though
these feedstocks are less expensive than soy oils. Based on the
combined resources of both industries, there is enough of the
feedstock to supply 1.9 billion gallons of biodiesel.

Biodiesel can be made through a chemical process called
transesterification in which vegetable oil or animal fats are
converted to fatty acid alkyl esters, glycerin and remaining
compounds from which the fatty acid by-products are
derived. Such oils and fats include, for example, tallow, crude
tall oil, coconut oil, rapeseed oil, canola oil, palm kernel oil
and soybean oil. Triglycerides, the principal components of
animal fats and of vegetable oils, are esters of glycerol, a
trihydric alcohol, with fatty acids of varying molecular
weight. Three synthetic pathways can be used to produce fatty
acid alkyl esters from oils and fats:

base-catalyzed transesterification of the oil;

direct acid-catalyzed esterification of the oil; and

conversion of the oil to fatty acids and subsequent esteri-

fication to biodiesel.

The majority of fatty acid alkyl esters are produced by the
base-catalyzed method. In general, the catalyst used for trans-
esterification ofthe oil to produce biodiesel commercially can
be typically any base, most preferably sodium hydroxide or
potassium hydroxide.
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In the biodiesel manufacturing process, the oils and fats
can be filtered and preprocessed to remove water and con-
taminants. If free fatty acids are present, they can be removed
ortransformed into biodiesel using special pretreatment tech-
nologies, such as acid catalyzed esterification. The pretreated
oils and fats can then be mixed with an alcohol and a catalyst
(e.g. base). The base used for the reaction is typically sodium
hydroxide or potassium hydroxide, being dissolved in the
alcohol used (typically ethanol or methanol) to form the cor-
responding alkoxide, with standard agitation or mixing. It
should be appreciated that any suitable base can be used. The
alkoxide may then be charged into a closed reaction vessel,
and the oils and fats are added. The system can then be closed,
and held at about 71° C. (160° F.) for a period of about 1 to 8
hours, although some systems recommend that the reactions
take place at room temperature.

Once the reactions are complete the oil molecules (e.g.
triglycerides) are broken apart and two major products are
produced: 1) a crude fatty acid alkyl esters phase (i.e. biodie-
sel phase) and 2) a crude glycerin phase. Typically, the crude
fatty acid alkyl esters phase forms a layer on top of the denser
crude glycerin phase. Because the glycerol phase is more
dense than the biodiesel phase, the two can be gravity sepa-
rated, for example, with the glycerol phase simply drawn off
the bottom of a settling vessel. In some cases, a centrifuge
may be employed to speed the separation of the two phases.

In an embodiment, the fatty acid by-products can originate
from the refining of the crude fatty acid alkyl esters phase
and/or the crude glycerin phase during the biodiesel manu-
facturing process. For example, the crude fatty acid alkyl
esters phase typically includes a mixture of fatty acid alkyl
esters, water and a fatty acid salts component. These fatty acid
salts component generally form a solution with the water
phase (e.g. soap water) where they can be further separated
from the fatty acid alkyl esters component. Once separated
from the fatty acid alkyl esters component, any suitable acid
such as, for example, hydrochloric acid can be added to the
water phase containing the fatty acid salts component to
produce the fatty acid by-products of the present invention.

Similarly, the crude glycerin phase typically includes a
mixture of glycerin, water and a fatty acid salts component.
This fatty acid salts component forms a solution or suspen-
sion with the water phase where it can be further separated
from the glycerin component by adding any suitable acid to
recover the fatty acid by-products suitable for the present
invention.

It should be appreciated that the fatty acid by-products of
the present invention can be derived from the acidulation of
any of the biodiesel manufacturing process streams/stages
that contain the fatty acid salts component (e.g. soap water)
including, for example, the wash water. These fatty acid by-
products derived from any of the different stages/streams of
the biodiesel manufacturing process can be used as a valuable
component of the beneficiation compositions of the present
invention. The fatty acid by-products of biodiesel manufac-
turing can be produced in ever increased amounts. As a result,
the biodiesel manufacturing by-products are inexpensive and
their use can be economical and highly effective for a variety
of beneficiation technologies.

In an embodiment, the fatty acid by-products from diesel
manufacturing can be comprised of free fatty acids and
methyl and ethyl esters. Additional components of the by-
products can include salts, methanol, ethanol, glycerin, and
moisture (e.g. water). The mixture of the free fatty acids can
comprise palmitic acid, palmitoleic acid, stearic acid, oleic
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acid, linoleic acid, linolenic acid, arachidic acid, eicosenoic
acid, behenic acid, lignoceric acid, tetracosenic acid and com-
binations thereof.

In an alternative embodiment, the fatty acid by-product
compositions can include one or more C4-C,, saturated and
unsaturated fatty acids, their salts and methyl and/or ethyl
esters. The by-product can further include one or more C,-C
mono-, di- and tri-hydric alcohols such as, for example,
methanol, ethanol, glycerin and glycols. In an embodiment,
the by-products contain about 0.01 to about 15 weight percent
of'the C,-C4 mono-, di- and tri-hydric alcohols.

The by-products can further include one or more inorganic
salts such as, for example, salts (e.g. chlorides and sulfates) of
sodium, potassium and/or calcium. In an embodiment the
by-products contain about 0.05 to about 15 weight percent of
the inorganic salts.

The above composition suggests that the by-products can
make a perfect hydrobicizing reagent suitable of being used
as acollector or promoter in flotation or similar processes. For
example, the strongly hydrophobic C,-C,, fatty acids con-
tained in the by-products are known to facilitate the attach-
ment of air bubbles during flotation.

Furthermore, the fatty acid by-products can be rich in the
unsaturated oleic, linoleic, and linolenic fatty acids. Once
these fatty acids coat the processed particles (e.g. during
flotation) they can slowly crosslink in the presence of air
forming a tenacious hydrophobic layer.

In an alternative embodiment, the fatty acid by-products
can further be mixed with additives to supplement and/or
improve the separation properties of these beneficiation com-
positions. Such additives can include one or more green col-
lectors. In an embodiment, the green collectors can comprise
nonionic surfactants of low HLB numbers, naturally occur-
ring lipids, modified lipids, hydrophobic polymers and com-
binations thereof.

The first type of the green collectors can be nonionic sur-
factants whose HLB numbers are below approximately 15.
These include, for example, fatty acids, fatty esters, phos-
phate esters, hydrophobic polymers, ethers, glycol deriva-
tives, sarcosine derivatives, silicon-based surfactants and
polymers, sorbitan derivatives, sucrose and glucose esters
and derivatives, lanolin-based derivatives, glycerol esters,
ethoxylated fatty esters, ethoxylated amines and amides,
ethoxylated linear alcohols, ethoxylated tryglycerides,
ethoxylated vegetable oils, ethoxylated fatty acids, etc., and
combinations thereof.

The second type of green collectors can be naturally occur-
ring lipids. These are naturally occurring organic molecules
that can be isolated from plant and animal cells (and tissues)
by extraction with nonpolar organic solvents. Large parts of
the molecules are hydrocarbons (or hydrophobes). As a
result, they are insoluble in water but soluble in organic sol-
vents such as ether, chloroform, benzene, or an alkane. Thus,
the definition of lipids can be based on the physical property
(i.e., hydrophobicity and solubility) rather than by structure
or chemical composition. Lipids can include, for example, a
wide variety of molecules of different structures such as tria-
cylglycerols, steroids, waxes, phospholipids, sphingolipids,
terpenes, and carboxylic acids. They can be found in various
vegetable oils (e.g., soybean oil, peanut oil, olive oil, linseed
oil, sesame oil), fish oils, butter, and animal oils (e.g., lard and
tallow).

The triacylglycerols present in the naturally occurring lip-
ids may be considered to be large surfactant molecules with
three hydrocarbon tails, which may be too large to be
adsorbed in between the hydrocarbon tails of the collector
molecules adsorbed or adsorbing on the surface of a mineral.

20

25

30

35

40

45

50

55

60

65

6

Therefore, the third type of green collectors can be naturally
occurring lipid molecules that have been broken by using one
of several different molecular restructuring processes.

The acyl groups of the naturally occurring lipids contain an
even number of hydrocarbons between 12 and 20, and may be
either saturated or unsaturated. The unsaturated acyl groups
usually have cis geometry, which is not conducive to forming
close-packed monolayers of hydrocarbons. Some ofthe lipids
have higher degrees of unsaturation than others. As a result, it
may be desirable to either use the lipids containing a lower
degree of unsaturation as they occur in nature, or use the lipids
containing a higher degree of unsaturation after hydrogena-
tion. The hydrogenation can decrease the degree of unsatura-
tion of the acyl groups. This technique can be applied to
naturally occurring lipids, or after breaking the triacylglycer-
ols present in the naturally occurring lipids to smaller mol-
ecules.

The fourth type of green collectors can be hydrophobic
polymers such as, for example, polymethylhydrosiloxanes,
polysilanes, polyethylene derivatives, and hydrocarbon poly-
mers generated by both ring-opening metathesis and metha-
locene catalyzed polymerization.

Many of the green collectors can be used in conjunction
with appropriate solvents, which include but not limited to,
light hydrocarbon oils, petroleum ethers, short-chain alcohols
short-chain alcohols whose carbon atom numbers are less
than eight, and any other reagents, that can readily dissolve or
disperse the green collectors in aqueous media. The light
hydrocarbon oils include diesel oil, kerosene, gasoline, petro-
leum distillate, turpentine, naphthenic oils, etc. The amount
of'the solvents required depends on the solvation power of the
solvents used. In some cases, more than one type of solvents
may be used to be more effective or more economical.

In an embodiment, the collector of the present invention
comprises a blend of the fatty acid by-product, a green col-
lector, and one or more C,-C, s alcohols, aldehydes or esters.
In an embodiment, the C,-C, ; alcohols, aldehydes or esters
are 1-propene hydroformylation reaction products. In an
embodiment, the C,-C, alcohol is 4-methyl cyclohexane
methanol (MCHM). The presence of the C,-C,, alcohols,
aldehydes or esters facilitates the collector distribution in the
flotation slurry. In an embodiment, the collector comprises
about 70 to about 80 percent by weight of the fatty acid
by-product, about 10 to about 20 percent by weight of a green
collector, and about 1 to about 20 percent by weight of C,-C ¢
alcohols, aldehydes or esters.

In an embodiment, the present invention provides methods
of enhancing the hydrophobicity of compounds in certain
beneficiation processes. For example, the beneficiation com-
positions comprising the fatty acid by-products can be useful
in beneficiation of the following materials including, but not
limited to, the group of coal, plastics, sand and gravel, phos-
phates, diamonds, and other mineral ores or man-made mat-
ter. In alternative embodiments, the beneficiation composi-
tions can be used in processes to increase the hydrophobicity
of particulate materials, particularly in applications such as
flotation resulting in the beneficiation of coal, phosphates,
diamond ore, and the like. The beneficiation compositions
can also be used in conjunction with other suitable flotation
collectors and promoters.

Flotation processes are one of the most widely used meth-
ods of separating the valuable material from valueless mate-
rial present, for example, in particulates or fines. For example,
in this process, the fine particles are dispersed in water or
other suitable solution and small air bubbles are introduced to
the slurry so that hydrophobic particles can be selectively
collected on the surface of the air bubbles and exit the slurry
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(e.g. by rising to the surface) while hydrophilic particles are
left behind. The hydrophilic particles can also sink to the
bottom of the slurry to be collected as a sludge.

The fatty acid by-products can be used to separate materi-
als, for example, in any suitable flotation process. It should be
appreciated that the desired final products can rise to the
surface during flotation and/or sink to the bottom, such as in
reverse flotation processes. For example, during silica flota-
tion processes, the desired product can sink to the bottom of
the slurry and the waste product can rise to the top of the
slurry.

In an alternative embodiment, the present invention pro-
vides a method of separating a first material from a second
material. For example, the method can comprise mixing the
first material and the second material in a slurry with a ben-
eficiation composition. The beneficiation composition can
comprise one or more fatty acid by-products derived from a
biodiesel manufacturing process. The beneficiation compo-
sition can also comprise one or more fatty acid by-products of
transesterification reactions involving triglycerides. Air
bubbles can be provided in the slurry to form bubble-particle
aggregates with the first material and the bubble-particle
aggregates can be allowed to be separated from the second
material. The beneficiation composition can further include a
green collector additive mixed with the fatty acid by-product.
The green collector additive can be, for example, nonionic
surfactants of low HLB numbers, naturally occurring lipids,
modified lipids, hydrophobic polymers and combinations
thereof.

In alternative embodiments, the fatty acid by-product can
be derived from the addition of acid to the fatty acid salts
solution of a crude fatty acid alkyl esters phase during the
biodiesel manufacturing process and/or derived from the
addition of acid to the fatty acid salts solution of a crude
glycerin phase during the biodiesel manufacturing process.

In another embodiment, the present invention provides a
method of separating hydrophobic and hydrophilic particles
in an aqueous slurry. For example, the method can comprise
adding a beneficiation composition to the aqueous slurry to
increase the hydrophobicity of the hydrophobic particles. The
beneficiation composition can comprise one or more fatty
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acid by-products derived from a biodiesel manufacturing pro-
cess. The aqueous slurry can be mixed to assist the fatty acid
by-product in adsorbing on the surface of the hydrophobic
particles so as to increase the hydrophobicity of the hydro-
phobic particles. Air bubbles can be provided to the aqueous
slurry so that the hydrophobic particles collect on the surface
of the air bubbles forming bubble-particle aggregates. The
bubble-particle aggregates can be allowed to float to the sur-
face of the aqueous slurry to be separated from the hydro-
philic particles.

The materials to be separated can have any suitable size. By
example and not limitation, the materials can range from 2
mm to 0.04 mm in size. The slurry can also have up to 50%
solids. Any suitable mechanical or chemical forces can be
used to bring the slurry particles in contact with the benefi-
ciation compositions of the present invention. The floated
product and the non-floated tailings can be collected from the
present methods.

EXAMPLES

By way of example and not limitation, the following
examples are illustrative of various embodiments of the
present invention.

Example 1

A sample of coal slurry from a Pennsylvania coal prepara-
tion plant was floated in the laboratory using a Denver flota-
tion machine. The tests were designed to determine the utility
of the fatty acid by-products as standalone collectors. The
frother used in these tests was crude 4-methyl cyclohexane
methanol. The fatty acid by-product was the material
obtained by acidulation of the biodiesel reactor bottoms and
biodiesel wash water. In examples 1 and 2, “tonne” means
1,000 kg (2,204.6 pounds).

The results, Table 1, indicate that the neat fatty acid by-
product is a less effective collector than Fuel Oil #2 under the
same conditions. However, the performance of the fatty acid
by-product becomes similar to that of fuel oil collector when
the frother dosage is increased.

TABLE 1

Collector Performance of Fuel Oil #2 and Neat Fatty Acid By-Product Compared

MCHM frother, 0.15 kg/tonne

MCHM frother, 0.30 kg/tonne

Collector Fuel Oil Fatty Acid By-Product Fatty Acid By-Product
Dose Conc. Combustible Conc. Combustible Combustible

kg/tonne Ash (%) Recovery (%) Ash (%) Recovery (%) Conc. Ash (%) Recovery (%)
0.37 9.5 54.8 13.2 27.1 10.8 57.7
0.75 8.9 77.9 12.2 48.0 10.6 66.7
1.50 8.6 75.2 10.4 62.2 11.3 77.7
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Example 2

Further flotation tests were conducted on a different batch
of'coal slurry obtained from the same plant using the same test
conditions as in Example 1. The frother utilized was crude
4-methyl cyclohexane methanol dosed at 0.15 kg/tonne. The
reference flotation performance was again obtained using
Fuel Oil #2 collector. Three collector blends were prepared
from 80% by weight of the fatty acid by-product, 10% by
weight of a green collector additive, and 10% by weight of
crude 4-methyl cyclohexane methanol. The collector blends
are listed in Table 2 by the green collector name. The results
indicate that the collector blends containing 10% of a green
collector match or outperform the neat fuel oil collector at the

same frother level.
TABLE 2
Collector Performance of Fuel Oil #2 and Fatty
Acid By-Product Blends Compared
Collector Combustible
Dose Conc. Recovery
Collector Composition kg/tonne Ash (%) (%)
100% Fuel Oil #2 0.75 10.9 63.9
1.5 9.8 81.5
80% Fatty Acid By-Product 0.75 11.1 76.3
10% Canola Oil 1.5 11.0 84.6
10% MCHM
80% Fatty Acid By-Product 0.75 10.8 75.9
10% Soybean Oil 1.5 10.6 84.1
10% MCHM
80% Fatty Acid By-Product 0.75 9.6 79.5
10% Sorbitan Monooleate 1.5 9.7 82.0

10% MCHM

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. A method of separating a first material from a second
material, the method comprising: mixing the first material
and the second material in a slurry with a beneficiation com-
position, wherein the beneficiation composition comprises at
least one green collector and at least one fatty acid by-product
derived from a biodiesel manufacturing process, or at least
one fatty acid by-product derived from transesterification
reactions involving triglycerides; providing air bubbles in the
slurry to form bubble-particle aggregates with the first mate-
rial; and allowing the bubble-particle aggregates to be sepa-
rated from the second material, wherein the fatty acid by-
product includes at least one of a methyl ester or ethyl ester
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and said fatty acid by-product further includes glycerin and
unsaponifiable matter and the composition further comprises
water and inorganic salt.

2. The method of claim 1, wherein the green collector is
selected from the group consisting of nonionic surfactants of
low HLB numbers, naturally occurring lipids, modified lip-
ids, hydrophobic polymers and combinations thereof.

3. The method of claim 1, wherein the fatty acid by-product
is derived from the addition of acid to the fatty acid salts
solution of a crude fatty acid alkyl esters phase during the
biodiesel manufacturing process.

4. The method of claim 1, wherein the fatty acid by-product
is derived from the addition of acid to the fatty acid salts
solution of a crude glycerin phase during the biodiesel manu-
facturing process.

5. The method of claim 1, wherein the fatty acid by-product
is derived from the acidulation of at least one bio diesel
manufacturing process stream containing at least one fatty
acid salts component.

6. The method of claim 1 wherein the fatty acid by-product
is derived from transesterification reactions involving triglyc-
erides.

7. The method of claim 1, wherein the fatty acid by-product
further comprises one or more components selected from the
group consisting of methyl esters, ethyl esters, salts, metha-
nol, ethanol, glycerin, water and combinations thereof.

8. The method of claim 7, wherein the fatty acid by-product
comprises one or more components selected from the group
consisting of G4-C,, saturated and unsaturated fatty acids,
C¢-C,, saturated and unsaturated fatty acids salts, methyl
esters, ethyl esters and combinations thereof.

9. The method of claim 8, wherein the fatty acids are
selected from the group consisting of palmitic acid, palmi-
toleic acid, stearic acid, oleic acid, linoleic acid, linolenic
acid, arachidic acid, eicosenoic acid, behenic acid, lignoceric
acid, tetracosenic acid and combinations thereof.

10. The method of claim 9, wherein the fatty acid by-
product further comprises one or more components selected
from the group consisting of C,-Cg mono-, di- and tri-hydric
alcohols and combinations thereof.

11. The method of claim 1 wherein the fatty acid by-
product comprises about one to about 50 weight percent of
one or more methyl esters and about 50 to about 90 weight
percent of one or more fatty acids.

12. The method of claim 11 wherein the fatty acid by-
product further comprises about 0.01 to about 15 weight
percent of one or more C,-C, mono-, di- or trihydric alcohols
or a mixture thereof.

13. The method of claim 12 wherein the fatty acid by-
product further comprises about 0.05 to about 15 weight
percent of one or more inorganic salts.

14. The method of claim 1 further comprising adding one
or more C,-C, ; alcohols, aldehydes or esters to the slurry.

15. The method of claim 14 wherein the C,-C, ; alcohol is
4-methyl cyclohexane methanol.
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